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Electron cloud driven instabilities
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Electron cloud effects

e-cloud instabilities are studied by 
simulating the coupled motion of beam and 
electron particles (very heavy)
 can we find a simplified model for the 

effect of the electrons (avoiding the full 
simulation)?



We choose a set of orthogonal functions:

We apply to the bunch a distortion equal to hm(z) to the horizontal position along a bunch 
and we call gm(z) the resulting dipolar kick along the bunch.

We can measure the gm(z) through short PyECLOUD simulations (single pass)

Harmonic response
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Superposition check



Superposition principle

Can I use the calculated harmonic response to predict the response to 
an arbitrary distortion?

A generic distortion x(z) can be decomposed as a superposition of harmonics:

Is the system sufficiently linear to use a linear superposition?

with:
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Can we use the harmonic response to model instabilities?

p+ trackingp+ tracking
e-cloud

(e- PIC and 
tracking)

In the PyHEADTAIL model we 
replace the full e-cloud 
interactions with the 
computed harmonic 
response matrix

p+ trackingp+ tracking
Harmonic 
response
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e-cloud simulation Harmonic matrix

With the matrix alone the instability is not reproduced (frequency is different)
 not surprising (positive tune spread from the e-cloud is not present…)

Comparison against simulations

L. Sabato
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Add e-cloud non linearities

p+ trackingp+ tracking
e-cloud

(e- PIC and 
tracking)

We model the single particle 
non-linear detuning of the 
e-cloud using the field map 
from the unperturbed 
distribution
(re-centered around each 
slice  no additional dipolar 
kick) 

p+ trackingp+ tracking
Harmonic 
response

Unperturbed 
non-linear 

map

(Coherent 
effect)

(Incoheren
t effect)



A cross-check

With the non-linear map alone no instability is observed

e-cloud simulation Unperturbed non-linear map

L. Sabato



This combined model reproduces very well the nature of the instability!

e-cloud simulation
Harmonic matrix + unperturbed non-

linear map

Comparison against simulations

~7days
8 cores

~2 h
1 core

L. Sabato
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Summary

In the investigated case (LHC quad, 450 GeV), it is possible to model instabilities 
driven by e-cloud by including:

• The dipolar kicks along the bunch through an harmonic response

• The non-linearities as seen by a stable bunch

Potential applications:

• Significant speedup for the simulations

• Modelling through Vlasov solver & dispersion integrals



Scanning the strength of the e-cloud
(simplified model only –
effect of non-linearities)
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